Tuberculosis, human immunodeficiency virus and hepatitis B and C infections are serious public health problems in Ethiopia. This study was conducted to assess the prevalence of triple viral infections and associated factors among tuberculosis patients who were on anti-tuberculosis treatment in the year 2011/12 in West Arsi Zone, Ethiopia. A cross sectional study design was conducted among 374 TB patients who were on first line anti-TB treatment. Simple random sampling technique was employed to draw the study subjects until the calculated sample size was achieved. Blood samples were collected to determine the HIV serostatus by rapid HIV testing kits; whereas the hepatitis B and C sero-status was determined by instant one step HBsAg and Flavicheck-HCV WB kits, respectively. Socio-demographic and risk factors information was collected and analysed using univariate and multivariate logistic regression. Injection drug users were excluded from this study. From a total of 374 tuberculosis patients enrolled, TB-HIV co-infection was found to be 56 (14.97%) among which 5 (8.92%) hepatitis B and 4 (7.14%) were hepatitis C triple infected. The overall TB-HIV-Hepatitis triple infection prevalence was 2.4% (9/374). Though the current level of triple viral infections among TB patients seems to be low, an integrated program for treatment, prevention and control strategy is crucial to be considered in TB patient management.
INTRODUCTION
Human immunodeficiency virus (HIV) continues to be a major global public health problem, having claimed more than 39 million lives so far. In 2013, there were 1.5 [1.4- 24.7 [23.5-26 .1] million people living with HIV that accounts for almost 70% of the global total of new HIV infections (WHO, 2014) .
Ethiopia is one of the Sub-Saharan African countries affected by high burden of HIV/AIDS pandemic. Since the first report of HIV case in 1984 in the country, the disease remained as a major public health concern of the country (FMoH, 2010) . There is an estimated prevalence of 2.4% with 1.9% and 2.9% in male and female respectively. There is also difference in prevalence among urban (7.7%) and rural (0.9%) communities (Ministry of Health of Ethiopia, 2010) .
According to the World Health Organization, Ethiopia is one among 22 TB high burden countries with an estimated 220,000 (258 per 100,000) incident and 200,000 (237 per 100,000) prevalence cases. There were an estimated 15,000 deaths (18 per 100,000) due to TB, excluding HIV related deaths in 2011 (World Health Organization, 2012) .
HIV/AIDS pandemic has caused a resurgence of TB, resulting in increased morbidity and mortality worldwide. HIV and TB have a synergistic interaction; each accentuates progression of the other. Unfortunately, SubSaharan Africa region is part of the world where TB has been flourishing unhindered reaching the proportion of 82% TB cases co-infected with HIV in 2010. In the same year an estimated 1.1 million deaths occurred among HIV positive cases of TB including 0.32 million deaths among women. In addition, there were an estimated 0.35 million deaths among incident TB cases that were HIV positive (World Health Organization, 2011) .
Though the prevalence of hepatitis co-infection with HIV varies widely across different studies mainly due to the variation in the distribution of risk factors, geographic location and other factors specific to the study population; it is one of the leading causes of morbidity and mortality in individuals with HIV (Iser and Sasadeusz, 2008) . The co-infection of HIV with hepatitis (B and C) is attributable due to similar routes of transmission with evidence of significant clinical implications of complicated clinical course, case management and may also adversely affect therapy for HIV infection and vice versa (Padmapriyadarsini et al., 2006; D'Souza and Foster, 2004; Hennessey et al., 2009) .
The coexistence of TB, HIV and viral hepatitis infections in the same patient poses a unique challenge to the patient and clinicians. Here, the major concern is most commonly available anti-TB and antiretroviral agents have associated risk of liver damage. In situation of concurrent treatment of these infections is inevitable, carefully chosen and tailored therapy is needed to minimize drug-drug interactions and related toxicities. When this condition is superimposed with HBV and/or HCV infection, the treatment and patient management challenge will be further complicated (Marzuki et al., 2008; Yee et al., 2003) .
Studies revealed that TB/HIV co-infected patients demonstrated a doubling level of liver enzymes among 14% of HBV and 12 % HCV infected patients. Moreover, 45% of patients with both HCV and HIV infection were developed drug-induced hepatitis during TB treatment (Wajiso, 2003; Byrd et al., 1979) .
HIV-infected TB patients demonstrated a doubling in liver enzyme levels in 14% of patients with HBV and 12% of patients with HCV infection, although few had symptomatic hepatitis. About 5 of 11 (45%) patients with both HCV and HIV infection developed drug-induced hepatitis during TB treatment; the risk of hepatitis was over 3 times greater than in those with HIV infection alone and over 14 times greater than in those with neither HIV nor HCV infection (Wajiso, 2003; Byrd et al., 1979) .
There is very limited or no information on the prevalence of HIV and Hepatitis (B and C) among TB patients thereby very little is known about the clinical burden of triple viral infection among TB patients and subsequent impact on TB treatment outcome in the country.
Shashemene, the capital of West Arsi Zone, is a crossroad town with a high prevalence of TB and HIV infection. According to the 2011(2004 E.C) Ethiopian Ministry of Health report the TB-HIV co-infection rate in the age group of 15-49 years was estimated to be 47% in the area. Therefore, this study was conducted to address the prevalence of triple viral infections and associated risk factors among TB patients in Shashemene, West Arsi zone, Ethiopia.
MATERIALS AND METHODS

The study area
West Arsi zone is one of the 14 zones of Oromia Regional State (the largest of 9 regional states of Ethiopia). The estimated population of the zone is 2,286,987. Shashemene is the capital of the zone with a population of 127, 798. Shashemene Referral Hospital is the only referral hospital in the zone. It is situated at 240 km away from capital of Ethiopia, Addis Ababa to the southern part of the country on the way to Moyale-Kenya. The hospital was established by missionaries as TB and Leprosy clinic in 1950. In 1976 it was upgraded to general public hospital and then in 2008, to referral hospital. The Health Centers used in this study were located within 12 to 35 km radius from the hospital with estimated catchment population of 750,000 (Figure 1 ).
Study design
A health facility based cross-sectional study was conducted to assess the prevalence of triple viral infection of HIV, HBV and HCV among TB patents at one referral hospital (Shashemene Referral Hospital) and three health centers (Shashemene, Aje and Arsi Negele) from September 2011 to June 2012.
Ethical considerations
The protocol was approved by Hawassa University Department of Biology and College of Health Sciences institutional Ethical Review Committee. Support letters were obtained from the Zonal and district health offices. Informed consent was obtained from all adults (> 18 years) and for children (<18 years) informed consent was obtained from their parents or guardians. A verbal assent was obtained from children of 12-17 years. For all the study subjects, laboratory diagnosis and treatment (if needed) were given free of charge and all results were kept confidentially.
Sample size determination
The sample size was determined using a single population formula with P=37.2% from previous study in the area: We considered the confidence limits = 95% (α= 0.05), Power =80%, P= 37.2 % (Wajiso, 2003) .
Source population and study population
The source population was all types of TB cases following anti -TB treatment in TB clinics of the study area. The study subjects were recruited by randomly selecting TB cases from Shashemene Referral Hospital and Shashemene, Arsi Negele and Aje health centers.
Sampling procedure
A simple random sampling technique was used to select the study subjects. All TB patients those put on first line anti-TB treatment in three health centres and Shashemene Referral Hospital were taken as sampling frame. An identification numbers were given for all registered patients and then the study subjects were selected randomly until the calculated sample size is achieved.
Inclusion and exclusion criteria
All types of TB patients who visited the health facilities and registered for anti-TB treatment were included in the study. However, pediatrics and referred out cases were not included in the study. Individuals who were not willing to give their consent for participation and injection drug users were also excluded.
Socio-demographic and patient data collection
Data on socio-demographic and risk factor were collected from each consented participants in a well-designed and pre-tested questionnaires. Nurses working at the respective health facilities were assigned to counsel the patients before blood sample collection for HIV testing through PIHCT (Provider Initiated HIV Counselling and Testing) and hepatitis testing.
Clinical sample collection and transportation
Vein blood samples of 2-5 ml was collected aseptically by the assigned laboratory technologist or technician. The collected blood specimens were transported appropriately to Shashemene Referral Hospital Laboratory for HIV and hepatitis testing within 2 hof collection.
HIV testing
HIV testing was done on whole blood sample by rapid testing kits KHB (Shanghai Kehua Bio-Engineering Co., China, 100% sensitivity and 98% specificity), Stat-pack (Chembio Diagnostics Systems, USA, 99.7% sensitivity and 99.9% specificity) and UniGold (Trinity Biotech Plc, Ireland, 100% sensitivity and 100% specificity) following the national HIV testing algorithm.
Hepatitis testing
HBV was tested for HBsAg using Instant One step test kit (SD BIOLINE, Korea, >99% specificity and >99% sensitivity) and HCV was tested by using Flavicheck ® -HCV WB (Qualpro diagnostics, India, 100% Sensitivity and 99.6% specificity) test kits using the manufacturer's guideline at Shashemene Referral Hospital Laboratory.
Quality assurance of data
To assure the quality of data to the level maximum, the questionnaires were validated by pre-testing on about 10% of sample size on some randomly selected patients who were not included in the study. Beside manufactures' instruction, there was strict adherence to good laboratory practice principles and standard operational procedures during laboratory analysis as.
Study variables
Independent
These included clinical signs and symptoms, risky behaviours for HIV and Hepatitis infection, Socio-economic and sociodemographic variables.
Dependent
HIV, HBV and HCV serostatus, TB-HIV co-infection and TB-HIVHepatitis triple infection were considered as outcome variables.
Statistical analysis
All the collected laboratory and socio-demographic data were properly coded and labelled for easy of entry. All data were double entered into an Excel spread sheet, cleaned, verified using STATA version 9.0 and made ready for analysis.
Descriptive analysis
Means, standard deviations, frequencies, standard error of the means, proportions, percentages as well as descriptive graphs and tables were used with respect to the given variables.
Univariate analysis
Explanatory variables were individually cross tabulated with the outcome variable and statistical significance was assessed using chi-square, Odd ratio (OR) and 95% confidences interval (CI) were calculated to determine the strength of the association.
Multivariate analysis
Explanatory variables significantly associated (p ≤ 0.05) with the outcome variable in Univariate analysis were included in a multivariate logistic regressions analysis using the program packages SPSS (SPSS Inc., Chicago, Illinois, USA, version 15.0 and STATA version 9.0) to detect confounding effects and to evaluate the relative influence of the different co-variates outcome variables.
RESULTS AND DISCUSSION
Socio-demographic characteristics of study subjects A total of 374 TB patients were included in the study. Of the total TB patients, 224 (59.9%) were male while 150 (40.1%) of them were female with male to female ratio of 1.5:1. Among the total study participants, 203 (54.3%) of them were urban residents while 171(45.7%) were rural residents. The mean (±SE) age of the respondents was 30.12 ±0.645 years with a median age of 27 years. The average family size of the study subjects was 5.29+0.157SE with median of 5 (range 1-19) and the mean number of housewife per husband was 1.69+0.037SE with median of 2 and range of 1-5. Concerning the educational status of the study subjects, 143 (38.2%) were illiterate (unable to write and read) and 231 (61.2%) were literate. About 192 (51.3%) of study subjects were married, 148 (39.6%) were single, 12 (3.2%) were divorced, 15 (4.0%) were widowed and 7 (1.9%) were separated from their partner (due to work, education etc.). Occupationally majority of study subjects; 163 (43.6%) were farmers followed by students, 79 (21.1%) and only 3(0.8%) were commercial sex workers (Table 1) .
Socio-demographic variables versus seropositivity of study participants
The overall prevalence of TB-HIV co-infection was 56 (15%). Among 224 male and 150 female TB patients tested for HIV, 32 (14.3%) male and 24 (16.0%) female were seropositive respectively.
The prevalence of Hepatitis (HBV and HCV) in TB-HIV co-infected patients was found to be 9 (16.07%). Of the 9 hepatitis positive TB-HIV co-infected patients 5(8.9%) were with HBV and 4 (7.1%) with HCV co-infection. The Among the total 56 HIV positive TB patients, 32(57.1%) were male while 24 (42.9%) were female and from 9 hepatitis positive TB-HIV co-infected patients, 4 (44.44%) of them were male while 5 (55.56%) were female with the overall TB-HIV-Hepatitis triple infection prevalence of 9(2.4%) observed in the current study area. About 45 (80.4%) of HIV positive TB patients were urban residents while 11 (19.6%) of them were rural residents. The statistical analysis showed that statistical significant difference between the urban and rural residents (P<0.05) with regard to HIV seropositivity among TB patients. Similarly, majority 6(66.7%) of triple infected patients were reside in urban areas while 3 (33.3%) of them were reside in rural area. The HIV seropositivity of respondents were statistically significantly different (P<0.05) with respect to their educational status, occupation and marital status ( Table 2 ).
Characteristics and clinical features of study subjects
TB patients were categorized as new, relapse, and defaulter cases. Of the total 374 TB patients enrolled in the study 347 (92.8%) of them were new cases, 17 (4.5%) were relapse and 10 (2.7%) were defaulters. The prevalence of HIV seropositivity in relapse TB cases was 5 (29.4%) and 49 (14.5%) in new TB cases (Table 3) . The prevalence of triple infection (TB-HIV and Hepatitis) was found to be 8 (16.3%) in new TB cases and 1 (5.9%) in relapse TB cases. No triple infection was detected in defaulters. From the total of 300 TB patients tested for AFB microscopy, 138 (46.0%) of them were positive for the presence of AFB in the sputum samples. Among the 200 (53.5%) TB patients tested for X-ray, lung infiltration reported in 102 (51.1%), whereas, cavities were reported in 51(25.5%) and 49 (24.5%) were with no findings or not reported. The prevalence of HIV seropositivity was 23 (16.7%) and 25 (15.4%) for AFB positive and negative study participants respectively (Table 3) . Among the AFB positive and AFB negative TB-HIV patients, 3 (13.04%) and 4 (16.0%) of them were positive for hepatitis test respectively.
Seropositivity versus sampling area
The TB-HIV co-infection prevalence for study subjects from Shashemene Referral Hospital, Shashemene Health Center, Arsi Negele Health Center and Aje Health Center was 26 (13.9%), 14 (21.9%), 11 (8.92%) and 5 (8.9%) respectively. The HIV seropositivity was slightly higher in Shashemene Health center 14 (21.9%) compared to the other centers. The prevalence of triple infection were 4 (15.4%), 3 (21.4%) and 2 (18.2%) Shashemene Referral Hospital, Shashemene Health Center, Arsi Negele Health Center and Aje Health Center respectively. Triple infection was not reported from Aje Health center (Table  4) .
Risk factor analysis for HIV and hepatitis seropositivity
On Univariate analysis, behavioural factors such as having multiple partner and having unprotected sex with commercial and non-commercial sex workers were found to be risk for HIV seropositivity. From host factors tested in the analysis, marital status (partners separated, divorced and widowed), being female, residing in urban, having poor HIV knowledge and being illiterate associated with high risk of acquiring HIV. On multivariate analysis, being urban dweller, marital status (partners separated), and being illiterate were associated with increased seropositivity (Table 5) .
DISCUSSION
The observed prevalence of TB-HIV co-infection (15%) reported in this study is lower than those studies conducted previously in the study area (37.2%; 25.7%; 20%). This might be attributed to behavioral changes brought by health education on HIV/AIDS prevention and control program. The program has been implemented by the Federal Ministry of Health at national level (Sharma et al., 2005; Wajiso, 2003; Arega, 2007) . The triple infection of TB-HIV-Hepatitis prevalence had little attention or was no longer been addressed in Ethiopia. The TB-HIV-Hepatitis triple infection, HBV (8.9%) and HCV (7.1%), in the present study pinpoints the need to consider triple infection for future prevention and control strategies in the study area in particular. The prevalence of HBV among TB-HIV co-infected patients obtained in this study is comparable with other findings in other countries that reported the prevalence of HBV among TB-HIV co-infected patients: in Thailand was 9% while the prevalence of HCV was 31%. According to these authors the main route of HCV transmission is injection and drug use while sexual intercourse is the main route for HBV transmission. The low HCV prevalence in this study may be accounted for the low prevalence of the main route of transmission. However this needs further investigation. The prevalence of triple infection of TB-HIV-Hepatitis was higher in this study (TB patients) compared to the studies conducted in other populations (blood donors, heath care providers etc., data not indicated) in the same area. This higher prevalence may be due to the fact that HIV and Hepatitis shares common routes of transmissions (Yee et al., 2003) .
In this study, there was a significant difference in HIV seropositivity between urban and rural residents (p=0.000; adjusted OR=2.439). There was also a difference in triple infected between urban (10.7%) and rural (5.4%) dwelling study participants. This might be due to the differences of the available risk factors in both areas. In addition, the current study shows that, a statistically significant difference in HIV seropositivity between different educational levels (p=0.000). HIV seropositivity was lower among literate than illiterates (adjusted OR=0.141) and the same for triple infection. This is probably literates can easily understood the ways of transmission and prevention measures from different sources such as newspaper and periodicals. However, the presence of pre-disposing risk factors especially in urban settings where more literate people are found should not be underestimated. In such cases, target oriented education which induces behavioral changes should be tailored to minimize the high prevalence of HIV sero-prevalence in urban settings.
The result of this study showed that a significant difference of HIV seropositivity among different occupations and the same for triple infection. It was indicated that the leading seropositivity was seen in daily laborers, merchants, commercial sex workers and governmental employee with descending order. Similarly, a study conducted in India indicated that unemployed and business professionals took the larger percentage HIV/TB co-infection (Kumar et al., 2002) , another study suggested that higher seropositivity in manual laborers and some studies conducted in Ethiopia indicated that, these groups of patients were seropositive to HIV (Wajiso, 2003; Devi et al., 2005; UNAIDS, 2009; Kumar et al., 2002) .
HIV seropositivity was highest among those partners who live separately for various reasons. The high HIV seropositivity in this group is probably due to the fact that partner separation eventually leads to risky behaviors. The other reason might be when partners know their HIV status, they prefer to live separate in order to make ART treatment more confidential.
The major risk factors for triple infection of HIV-TBHepatitis were found to be having multiple sexual partners, followed by unsafe sexual intercourse (data not presented). This is probably due to shared routes of transmission of HIV and hepatitis (B&C), and TB is the opportunistic disease which comes after immune suppression like in HIV patients (Sterling and Sulkowski, 2004; Sy and Jamal, 2006; Solomon et al., 2008; Sirinak et al., 2008) .
Conclusions
This study reveal relatively high prevalence rate of triple infection even if TB-HIV co-infection is getting declined than previous reports. The HBV-HCV co-infection was not found. Some behavioral and socio-demographic risk factors such as partners being separated, having multiple sexual partners, doweling area (being urban) and occupation (unemployed) were found to be strongly associated with triple infection. In general the current study showed the need for more information on the triple infection in order to base therapeutic decisions and to set integrated prevention and control program in the country. This underline the need for further epidemiologic and clinical studies to optimize the management of this complicated medical conditions.
